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3hvestiating Plastic Bearings with Inverted Friction

by

A. A. Lebedev

The eamplcmnt of plastics in the role of substitutes of non-ferous metals

and their allcqa in friction units appears to be at present tim oan of the Impa%-

tant poblem, the solution of which offers &eater teohnioal-ecncmical effect.

Me essential shartooing of plastics as bearing materia Is their poor heat

Condi ctiIT 7  As result the friction heat is removed exclsively by lubrication

and the body of the weights which leads to overheating of bearing details, loss in

strength at insert, disruption of the friction proces.

The emplcmentein the role of lubricating and cooling lUquid. of ater does not

Always appear to be desirable and possible, Coating of metal inserts with a thin

plastia lepr is connected with a difficult technolog of applying Coatings and in

a n=bear of Instances, eeg~n the presence of abrasive, it does not yield the desired

effect.

In connection idth this substantial interest is presented by a bearing with in-

verted friction coupling, in the antifriction material - plasties- In applied not

on the inserts bt on the shaft.

As shown by our investiytions, such a bearing at proper structural execution,

can work under mach heavier friction conditionas than bearings with plastic inserts.

To manufacture experimental bearings was used wood pulplamell r plastic DSP-V

with criss cess arrangement of the veneer sheet).-ts b esico-mchanicail properties

are as follows.

s:'oeifio weight, Wc/ ..*13- 1#4 Rltimate tensile strengthk ]/€...e2650;
ultimate ca.pression strength, kg/jeui'.1750; elasticity modulus upon eloNg-
tion, kjcSjm 2 ... 300000; impaet estre , kg.c/ 2 .,eO; relative elongation per
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unit langth9%L..L..l hardnes by inell,. lkCjc 2 ... 19 s heat codotIvUty, cal/mbrs *C.

•..0.4 heat reslstan"o. 0....30MTLL.

Selection of DIV in rcle of antifriction material is explained by the faotthat

tiis material has been moat thcroughy Investigated in fri~tion unit, which offers the

possibility of omaring operating results with date of other researchers.

See page 2a for Fig. 1

0

F . .Sehematic of inatallation for testing bearing.l 1ahaft; 2-dJmert; 3-dynam
meter; 4-damper; 5-bus ing; 6-sphetoal ball bearing; 7-holder; 8-cross piee
9-support sorev 10-load.

A schematic at th inatsfla"ioon which bearings have been tested, is shown in

f ig. . he DSP insert ws pressed en the shaft along the setting A3/G and fized addi-

tionally fran the end with a clamping washer.

Mec hanical characterinttio of DW drop considerably with rise in temperature

(fige2),consequently as maXIM 4ition limits were accepted the Mmest which the

temperature of the most heated zone of the bearing reached 70 e .

The thermal effect of the bearing

was controlled with the aid of eight cop-, 90

per-const. . 0P'e'ie of whichW
20 40 60. o

were placed in a metal-bushing (fig.l) TeepIm.J

at a distance of 0.4 a fran the friction - h
lLg*20'Curve showing change 3 treflgth

surface over the entire circumerences at DSP in relation to temperatureI

The identicity of thermoccnple readings was checked by turning the bushing and by

changing places of the thermocouples.
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Zn the role of lubriction vere used oils, spindle oil 5 ( to u 2,90)1 mahine

oil 0 .50o L56@). ad watrI

In fig*3 and 4 are shown gaphs for the dependene of friction coefficients upo

specific pressure and rate of sliding at vatious lubication. As is evident fr a the

raphas, in the &eeter tange of loads and speeds the friction coefficient at machine

oil lubrication is smalle than the friction coefficient with water lubricatLoawhich

is not being observed in ordimry bearings with DPS inserts.A comparison of data in

fig.3 and 4 with experimental data, carried out by the scientific research institute

of plywood, and the recammndatiocns of the Ogohermat on the emplcqment of DSP in the

role of beating material shows, that the empIcment of inverted couple noticeably

increases the icading ability of the bearing.

See pae 3&a for Fig. 3

,*-.3 Curves showing change in friction coefficient in relation to specific
ssure ( 0.76 ,/eo) at lubrications 1-with spindle oil; 2-with machine oil;

3-w.th w~ter.

As is known the load carrying capacity of a bearing depends to a geater extent

upon the temperature of the most heated zone. In plastic bearings ,tharks to poor

heat conductivity of the insert, the temperature along the perimeter changes perticu

lar y intensively, an&4n- tL zone of mini= gaps the insert is often overheated,

which leeds to loss In its strengQ disruption of the oily l.ayerdisruption of the

friction condition and sometimes even to burning-of the pastjc,

In bearings with inverted coupling ecming in contact with most heated zone plans.

tics shrinkages are_changing eonstantly, ecndition of cooliAng the plastic insert arc,
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improwjagg which *smores mwe saeble operation of the bea ring under heavy friction

conditions; YUrthermor., the dissipation of heat In the zone of high temperatures

follows ata More intensive Daome.

See page 4s, for Pic* 4

b.

F ..C.4.Curvea showing chaage In. friction
coef'ficient in relation to rate of slid- 3 6 7 4 ,
ing (ps33.8kg/cs) at lubrications I DN9kuA"W MVKwO

I -spindle oil,; 2-mochine oil; 3-vater* -Point C606-4

The graphs In fige5 characterize the Fig.5. Curves showing temperature distri-
'bution. along the pemter of the bearing

temperature fields along the perimter of at specific Rressures; l-2jA.6 hg/cm2 ;
2-M72 kgcni'; 3-6.8 kdjcne.

the bear-Ing with inverted cocuple at machine

oil lubrication at specific pressures of 8.8; 17.2; 24"6 kgjcM2 and circumferential

speed T 2.8 W(soe.As is evident fras flg.5 the degree of irregulvr temperature dibtri-

bution. depends upon the oseific pressure. But even at a specific pressure of 24.6

kd=o2 the temperature drop Is 10-W. which points toward considerable stability of

the theaiml condition over the perimter of the bearing. During water lubrication the

temperature drop is 5-70,

40t

Figo~oDependence curves of to~oprature of moat heated zone and fric-
tionjoefficie1nt upon. lib consumption (spindle oil) at T n 0.76 wo*e and p -33,5

The ivivtstigated dependences of the friction coefficient and temperature ofr

most heated zone upon the lub coniwption showed~thet for each specific pressure and

-vJ:.ocity, iLeo for each condition1 there is an optinain amount of fed lubrication of
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given; Vpes A further inoreama i~n the smgt of 2MIAMUeCAto does not give a teoner-

ature reduction of the most heated ss and In friction cefficient91n spite of the

fact that ths. temperature of the outgoing o13. decreases* And no, at v a 2338 kg/SIG 2

wed v* 0.o76 zo/se. (tigo.6) the rise In lub conuimtion to above 1.5 liters/br- shows

no effect on the operation of the bearings This, apparently, is true for all plastic

bearings. But at an inverted friction coupling the amount of fed lubrication affects

to a lesseri degree -ths-temperature of most heated -2:na,becauae as result of poer

heat conduction oft-"~as~c-inert-the-heat-transfer into oil decreases, and the

role of Inbrication as a cooling liquid decreases in this case.,

0 6 It18 24 A%

Fig.7.Tempersture change curves, (1) at ie Tt su dpnnccrvso
most heated zoner and friction coefficient'ms heated sons, upon angle oflbfeding(l
(2) in the process of bearing operation and seoifig pressure p: k-444 icg/c r 2
(v - 2.8 m/secopml3.8 kg/aix2 . 2-6.9 Xgloe 3-r8-3 g/ct 4-11.2 kg/cd I

5.23.8kg/ct.

In fig.7 are given dependence graphs of friction coefficient and temperature

-upon operational time of the bearing begfIng with the starting. As Is evident from

the Spaphs the friction and taqrature coefficient are stabilized within 35-20 mm,4

ioe. in bearings with inverted coupling the stable friction cndition comes quite

rapidlytwhich is due to more favorable oonditions of heat discharge. The nature of

dependenc. of friction coefficient and teMperature is one and the same,whIch indicates

a direct relationship between friction coefficient and temperature.

Investigated was also the ffect of the angle of delivery at lmbrication on the

temperature condition of the bearing and fricion coefficient., Rxzpientu shoved

(fig.8 and 9) that minix= values of temperature of most heated zone and friction

coefficient eccrespond to the angle of 3mb delivery of 180-2100, whereby with the

FTD-TBT63-!2A2/lIa .



specific pressure increase of lub delivery effect, as evident fro fLg.8 and 9, it is

possible to reduce the temperature of most heated zone by 25630 and reduce the fric-

tion coefficient by 20-309.

It was also establisheod thit vith reduction in relative vap (from

0.03 to 0.012) during oil lubrication the temperature of the bearing and friction co-

efficient decrease. At water lubrication the size of the gap has practically no effeot

on temperature and friction coefficient.After 80 huirs of operation under nonstationary

condition the plastic Insert and metallic bushing showed rectiaally no wear.

As result of conducted experiments it is possible-to #ake the following conclu-

sions a

l.Ths- ok of a ]W bearing with inverted friction coupling during lubri-

cation with mnaral lubrications of machime oil type is perfectly stable and gives

a -4r-m friction coefficient at Y* 0.7 - 2.8 lsea and p 0 25-30 kg/cm2 .

2*General method of investigtting thermal

~3I<~I~ *.condition by temperature of outgoin, oil'
2'appears to be inacceptible to study of

4- plastic bearingsbecause the determinant

facto- in this case appears to be the tem-

Figo;Dependbnee curves of friction coef-perature of -oat heated zI over the Pori-
f cien t upon an ge of lub del ve y yand , m t r o h n e t
specific prsee) ter of the inset.

4-11.2 ke/c2l 5 - 33.8 kg/am, 3. For each friction condition there is

an optimum amount of fed lubrication of given type. A further increase in the amount

of delivered lubrication does not offer a tauerature reduction of most heated zone

in the bearing and reduction in friction coefficient.

4e The optimm angle of lub delivery fro the view point of reducing the friction

coefficient and temperature of most heated zone appears to be the angle of 180-2100.

5e With a reduction In relative gap from 0.03, to 0.012 at oil lubrication the tem-

perature and friction coefficients decrea ..-- - .
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At Water lubrication the effect of pp ulug an to.pea. and friction coofflO±*

hsnot ben r.eeaed.

6* Ima~tigatcm shov.4that the uue of 1we ted coupling in a Plastic. bearing

notlc~ab~j Lwa~vs the thermal cocMtIm of the beiing incressem :IS. lodabjity.
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